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ABSTRACT : Soybean plants were grown under salt-stressed condition ( *Fw = -1.6 MPa) without 
or with previous acclimation at *Fw = -1.2 MPa. The chloroplasts that isolated from those salt- 
stressed plants were incubated with [ 14 C] acetate. The chloroplast membranes were then 
subfractionated using linear density' sucrose gradient centrifugations into outer envelope membrane 
(o. e. m.) and inner envelope membranes {i, e. m.). The acyl-CoA synthetase and UDP-galactose 
diacvlglycerol galactosyltransferase activities in both envelope membranes were assayed. Oleic and 
palmitic acid were the major fatty acids in lipid of these two envelope membranes. Salt-stress 
reduced chloroplasts to synthesize oleic and palmitic acid, but acclimation caused chloroplasts to 
recover partially the levels of fatty' acids biosynthetic activity. Oleic and palmaitic acid contents in 
lipid of o.e.rm increased from 6 to 19 and 4.6 to 17 % of the control levels if plants had 
acclimated previously to Tw - -1.2 MPa, The concentrations of these two kinds of fatty acid in 
lipid of ie,tn.. likely in o.e.m.. were recovered from 1.8 to 45 %, and 4.6 to 17 % of the control ones. 
Over-aJh lipid biosynthesis in Lem. of chloroplast were more sensitive to salt-stress treatment 
compared to o.e.m.. This suggested that activities of lipid biosynthesis in i. e, m. of chloroplast 
might have a regulatory- mechanism for plants to adapt the salt-stressed environmenf 

KEYWORDS: Acclimation, Chloroplast, Inner envelope membrane, Oleic acid, Outer 
envelope membrane, Palmitic acid, Salt-stress. 


INTRODUCTION 

Plasma membrane regulates important cellular activities, such as ATPase, ion transport, 
signal transduction in plants (Taiz and Zeiger, 1991). The environmental stresses such as: 
temperature-stress (Hetherington et al., 1988), water-stress (Norberg and Liljenberg, 1991). 
and salinisation (Yao et al., 1991) caused adversely effects on the biochemical and 
physiological functions of the plasma membrane. Besides, water-stress induced the changes 
of lipid components, and fatty acid composition in acyl chains of lipids (Huang, unpublished 
data). Salt-stress could alter the lipid phase transition, enhanced lipid degradation in plasma 
membrane of soybean plants (Huang, 1996). 
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The chloroplast envelope membranes constitute about 70% of total membranes in leaf 
cells (Forder and Steer, 1981), and there 60-90% polar lipids in chloroplast membrane are 
galactolipids (Mazliak, 1977). These data suggest that galactolipids are the major lipids 
synthesized in chloroplast. 

The chloroplast envelope constitutes outer membrane and inner membrane. The 
enzymes that deal with lipid metabolism on outer membrane are acyl-coenzvme A 
synthetase (Andrews and Keegstra. 1983), galactosyl-transferase, and acyl-transferase 
(Heemskerk et cil., 1986). The enzyme reactions found on inner membrane are hydrolysis of 
ACP thioester (Joyard and Stumpf, 1981), desaturation of oleoyl groups (Schmidt and Heinz. 
1990), synthesis of phosphatidyiglycerol (Andrews and Mudd, 1985), and glycolipids 
(Douce, 1974). Among the enzymes found in chloroplast envelopes, the acyl-coenzvme A 
synthetase and galactosyl-transferase have the highest specific activity' in the outer and inner 
membranes (Andrews and K.eegstra, 1983; Miquel and Dubacq, 1992). respectively. 

In previous study, salt-stress increased the saturated/unsaturated fatty' acid ratio, and 
raised the enthalpy of lipid phase transition in plasma membrane of soybean plants (Huang. 
1996). These changes were the consequences of salt-stress increasing in lipid catabolic 
acti\ ity in plasma membrane of plants. In this work, it attempts to figure-out the anabolic 
activity of lipid metabolism in plastids of green plants grown under the salt-stress 
environment, and furthermore, to investigate the possible regulatory mechanism of lipid 
metabolism on the tolerance of plants to salt-stress environment. 


MATERIALS AND METHODS 


Plant culture 

Soybean (Glycine max. (L.) Merr. cv Kaoshing #10) seeds were germinated and grown 
for three day's in Petri dishes. Seedlings were then transplanted to pots containing a mixture 
of sand and vermiculite (w/w; 1/2). The bottom of the pots were submerged in containers 
filled with one fourth of full strength of Hoagland solution (water potential, Tw = -0.8 MPa). 
The culture solutions in containers were replaced daily by' fresh ones. One group of potted 
plants transfered successively from culture solution at TAv=-0.8, to -1.2, and finally to -1.6 
MPa at an 4-day intervals. This group of plants considered as salt-stressed acclimated plants. 
Another group of plants were transfered directly from T'w = -0.8 to Tw = -1.6 MPa without 
growing at fw = -1.2 MPa. This group of plants were considered as salt-stressed non- 
acclimated plants. The water potentials of solutions were checked using thermocouple 
psychrometer and adjusted to desired values by a saturated NaCl solution. Plant growth 
conditions in growth chambers were 30/25°C, day/night temperature; 10 hr, daylength; 350 
pE/m'V 1 , light intensity'. 

Isolation and purification of chloroplasts 

Intact chloroplasts were isolated and purified from the leaf homogenates of soybean 
seedlings by differential centrifugation (Leegood and Malkin, 1986). Leaves of seedlings 
were harvested, then removed the midribs, cut into small pieces. Fifty gr ams of cut leaves 
were homogenized for 1 min in a polytron blender with 150 mL of cold grinding medium 
containing 0o7 M sorbitol, 10 mM NajPjO?, 5 mM MgCl 2 , 2 mM sodium iso-ascorbate (pH 
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6.6), The homogenates were squeezed through eight layers of cheesecloth to remove coarse 
material, filtered the brei through five layers of nylon cloth, then centrifuged at 8,000 xg for 
5 min. The pellets were resuspended in 1.0 mL of cold suspension medium containing 0.33 
mM sorbitol, 2 mM EDTA, 1 mM MgCl 2 , 1 mM MnCl 2 , and 50 mM Hepes-fCOH (pH 7.6). 
All operations were carried out at 4 = C. 

Incorporation of [ 14 C]acetate into lipid of chloroplast membranes 

The intact chloroplasts were incubated with [ l4 C]acetate as the method described by 
Miquel and Dubacq (1992), but with a little modification. The 250 fd L incubation mixture in 
the centrifuge tubes contained 55 mM sodium [ 14 C]acetate (1998 MBq mmol' 1 ), 1 mM of 
cofactor containing ATP, Coenzyme A, 3-phosphoglycerate, UDG-galactose, and NADH, 
and a small volume of chloroplast suspension (250 /jg chi). After the addition of chloroplast 
suspension, the reactions were incubated in a shaking water bath at 25'C for 15 to 60 min. 
At end of each incubation periods (15, 30, 45, and 60 min), 750 /jL of cold incubation 
medium was added and the tubes were centrifuged at 2,000 xg for 1 min. The pellet of 
chloroplasts was resuspended in 1 mL of incubation medium. The [ 14 C] chloroplasts were 
then mixed with non-labeled purified chloroplasts (750 ug chi), and used to isolate and 
fractionate the chloroplast envelope membranes, 

Isolation and subfractionation of chloroplast envelope membranes 

Chloroplast envelope membranes were isolated and subfractionated from the intact 
chloroplasts as the procedures described by Miquel and Dubacq (1992) but with a little 
modification. Intact chloroplasts that suspended in 0.6 M sucrose solution were broken by 
freezing at -20 *'C for one hr and thawing at room temperature. The suspension of broken 
chloroplasts was adjusted to 1.3 M sucrose, and the different envelope membranes were 
separated in a flotation linear density sucrose gradient that constituted 0.3, 0.6, 0.9, and 1.2 
M sucrose, and then centrifuged at 73,000 xg for 15 hrs. The heavy fraction (density =1.12 
g/cm J ), and the light fraction (density = 1.07 g/cm J ) identified as the inner and outer 
envelope membrane, respectively (Miquel and Dubacq, 1992). The gradient was collected in 
0.5 mL fraction using a fractional collector. The contents of each fraction in tubes were 
washed with excessive medium, and centrifuged at 90,000 xg for 1.5 hrs. The purified 
pellets were resuspended in a minimal volume of medium. The buffer used for isolation, 
fractionation, and suspension were 10 mM Tricine-NaOH (pH 7.5). 

Analysis of lipid composition 

Membrane lipids were extracted and purified as the method of Bligh and Dyer (1959). 
and separated by TLC (Miquel and Dubacq, 1992). The solvent system using to separate the 
polar lipids contained chloroform : acetone : methane : acetic acid : water (50 : 20 : 10 : 10 : 
5, v/v). Neutral lipids were separated by using the solvent system consisting petroleum ether 
diethyl ether: acetic acid (70 : 30 : 0.4, v/v). Lipids were located under the UV light and 
marked after the TLC plates were sprayed with 0.001 % primulin. The marked areas of 
lipids were then scraped off. Radioactive fatty' acids prepared from lipids were analyzed on 
silver nitrate impregnated silica gel TLC plates, and located by autoradiography. The fatty 
acids were scraped off the plates, and counted (Miquel and Dubacq, 1992). 
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Enzyme assay 

Acyl-coenzyme A synthethase was assayed according to the method described by 
Andrews and Keegstra (1983), but with a little modification. A 200 fjL of total reaction 
mixture contained; 1 mM [ 14 C]oleic acid (3.0 mCi/m mol), 5 mM MgCl 2 ,5 mM DTT, 5 
mM phosphoenolpyruvic acid, 0.5 mM Coenzyme A, 5 mM ATP, 334 pg/mL pyruvate 
kinase, 0.1 M Tricine-NaOH (pH, 8.0), and 20 jj g of membrane protein. The reactions were 
initiated by addition membrane protein. After 10 min at 300, 2 mL of a mixture containing 
isopropyl alcohol : H 2 0 : acetic acid (1 : 1 : 0.03, v/v) was added to terminate the reactions. 
Newly synthesized [ ,4 C] oleoyl-CoA, and [ M C] oleic acid w'ere extracted and fractionated 
three times by 2 mL petroleum ether. The[ 14 C] oleoyl-CoA in aqueous phase was pooled and 
the radioactivity was counted in 10 mL scintillation cocktail in liquid scintillation counter. 

UDP-galactose-1,2 diacylglyerol galactosyltransferase were assayed according to the 
procedures described by Miquel and Dubacq (1992). A 400 pL of reaction mixture 
contained; 400 mM UDP-galactose with 0.18 mm ol UDP-[ 14 C]galactose, 4 mM MgCl 2 10 
mM Tricine-NaOH (pH 7.5), and 50 pg of membrane protein. The reactions were initiated 
by addition of membrane protein. After 30 min at 25°C, the reactions w r ere terminated by 50 
pi of 60% TCA. The content of [ 14 C]galactose in the supernatant fraction was determined 
after discarding the precipitates. 

Determination of membrane protein 

Membrane protein was extracted as the method of Kjellbom and Larsson (1984), and 
quantified according to procedures described by Bradford (1976) using Bovine Serum 
Albumin as a standard. 


RESULTS 

The techniques used to subffactionate and to identify the outer envelope membrane 
(o.e.m.) and inner envelope membrane (i.e.m.) were followed the methods of Miquel and 
Dubacq (1992). The o.e.m. and i.e.m. were separated and purified from the unfractionated 
envelope preparations of chloroplast by linear density sucrose gradient centrifugation. After 
centrifugation, four bands were visible. It had been identified that band 1 and 3 were o.e.m. 
and i.e.m., respectively. To identify the subfractions 1 and 3 that we obtained in this study 
were enriched in o.e.m. and i.e.m., the marker enzymes, acyl-CoA synthetase which 
localizes in o.e.m and UDP-galactose diacyl glycerol galatosyl transferase in i.e.m (Andrews 
and Keegstra, 1983; Miquel and Dubacq, 1992) were assayed. As shown in Table 1, about 
85% of total acyl-CoA synthetase activity, and about 80% of total UDP-galatose 
diacylglycerol galactosyltransferase activities v r ere detected in o.e.m. and i.e.m., respectively. 

The fatty' acid composition in lipid of chloroplast envelope membranes (Table 2) shows 
that palmitic acid (18 : 1) was the most fatty acid found either in o.e.m. or i.e.m.. However, a 
relatively higher concentration of palmitic acid was in i.e.m. than in o.e.m.. The palmitic 
acid in o.e.m. and in i.e.m. was about 41 % and 56 % of total fatty acid compositions in lipid 
of chloroplast membranes. A relatively high proportion of oleic acid (16:0) w'ere also found 
in lipid of each membrane fraction compared to palmitoleic acid (16 : 1), stearic acid (18 : 0). 
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lino lei c acid (18:2). and linolenic acid (18:3). This oleic acid in o.e.m., unlikely the palmitic 
acid in o.e.m.. was higher than that in i.e.m. In this study, the concentrations of these two 
kinds of fatty acid were used as an indicator of the levels of lipid biosynthesis in o.e.m. and 
i.e.m. of chloroplast. 


Table 1. Distribution of acyl-CoA synthetase and UDP-galactose diacylglverol galactosyltransferase activities 
within chloroplast membranes of soybean plants grown under normal condition(\|/ w = -0.8 MPa) 


Enzyme 

Chloroplast 
membrane fraction 

Specific activitiyf 2 

Activity (% total) 

1 Acyl-CoA synthetase 

o.e.m. 

i.e.m. 

31.99 

5.78 

84.69 

15.31 

2 UDP-galatose diacylgiycerol 
galactosyltransferase 

o.e.m. 

i.e.m. 

0.089 

0.366 

19.60 

80.40 

l: /jn\o\ [ 14 C] oieoyl-CoA formed/mg protein-hr 

2: /jnol [ l4 C] galactose incorporated/mg protein-hr 



Table 2. Fatty’ acid composition of chloroplast membrane fractions of soybean plants grown under normal 
condition ('Pw = -0.8 MPa) 


16:0 18:0 

Fatty acid (% )* 

16:1 18:1 

18:2 18:3 

Outer envelope membrane 

23.8+0.1** 5.1+0.5 

1.3+0.1 41.2+3.3 

21.7+2.5 7.2+0.7 

Inner envelope membrane 

I3.3+O.S 3.6+0.1 

1.9±0.1 55.5±3,9 

12.2+1.3 3.5±0.5 


* calculated on the basis of 1 mg lipid 
** mean ± S.E. 


Incorporation of [ 14 C] acetate into the oleic and palmitic acid of o.e.m. of chloroplast 
membrane lipids (Figs. 1 and 2) revealed that salt-stress treatment ('Fw = -1.6 MPa) to 
soybean plants drastically reduced the radioactivity of these two fatty acids in this envelope 
membrane. At the end of 60 min incubation of chloroplasts with [ 14 C] acetate, the oleic and 
palmitic acid contents were about 6% and 4% of the control ones ('Fw = -0.8 MPa). 
However, these two fatty acid contents could raise to about 19% and 16% of the control 
level while the soybean plants had previously acclimated to salt-stressed conditions for four 
days. As to these two fatty' acid contents in i.e.m., figures 3 and 4 show that they were more 
severely reduced by salt-stressed treatment. There were only about 1,8% and 4.6% of the 
control ones. However, they could greatly recover to about 45% and 17% of the control ones 
if those plants had previously acclimated to salt-stressed conditions. 
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Fig. 1. Biosynthesis of oleic acid in lipid of chloroplast outer envelope membmae of salt-stressed soybean 
plants. Control, plants were grown under Tw — ‘0 8 MPa. Acclimated: plants were grown under Tw = -0.8 
MTa, then Tw = -1.2 MPa. finally to Tw r = -] ,6 MPa. Nonacclimated: plants were without acclimated to Tw = 
-1.2 MPa before they were grown under from Tw = -0.8 MP to Tw = -1.6 MPa . 
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Fig. 2. Biosynthesis of palmitic acid in lipid of chloroplast outer envelope membrane of salt-stressed soybean 
plants. 
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Fig. 3. Biosynthesis of oleic acid in lipid of chloroplast inner envelope membrane of salt-stressed soybean 
plants. 
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Figure 5 indicates that salt-stress also adversely effects the total lipid concentrations in 
chloroplast membranes. There were about 3.7% or 18.5% of the total lipids of control plants 
without or with previously acclimation to salt-stress treatment. By the measurement the 
concentration of individual lipids in o.e.m. and i.e.m. ot chloroplasts of plants grown under 
the normal condition, the data in Table 3 show that both o.e.m. and i.e.m. more enriched in 
glvcolipids than in phospholipids. However, i.e.m. contained higher concentration of 
glycolipids than that of o.e.m.. O.e.m. unlikely the i.e.m.. contained higher content of 
phospholipids compared to that of i.e.m.. 
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Fis. 4. Biosynthesis of palmitic acid in lipid of chloroplast inner envelope membrane of salt-stressed soybean 
plants. 



IS 30 45 60 

Incubaiion tines, sin 


Fis. 5. Changes of lipid concentration in chloroplast membranes by the salt-stressed treatment to soybean 
plants. 


DISCUSSION 

Checking by the acyl-CoA synthetase and UDP-galatose-1.2 diacylglycerol 
galatosyltxansferase activities, we obtained a relatively high purity of chloroplast outer and 
inner envelope membrane in this work. However, there were still some cross-contaminations 
between membrane fractions. There were about 15% of o.e.m. associated with i.e.m., and 
about 20 % of o.e.m. contaminated with i.e.m.. 
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Table 3. Total lipids in chloroplast envelope membranes of soybean plants grown under 
normal condition (t}/ w = -0.8 MPa) 


Lipid 

CXe.m. 

Weight (% )* 

I.e.m. 


Polar lipids 

GlvcoHpid 

Phospholipid 

51.6+3.9 

41.4±3.1 

68.9+6,6 

24,5±2.7 


Neutral lipids 

3.0+1.2 

6.6+0.9 



*ESased on I mg lipid. 


To compare the lipid compositions (fable 3), and fatty acid compositions in total lipids 
of chloroplast (Table 2) envelope membranes. It was found that o.e.m. enriched most of the 
phospholipids, but the i.e.m. composed a relatively high content of glycolipids. However, 
over-all more than 50% of total lipids in chloroplast envelope fractions, either in o.e.m or 
i.e.m,, were glycolipids. The phospholipids were only about 41% and 25% the total ones in 
o.e.m. and i.e.m., respectively. There six kinds of fatty acids were detected in the lipids of 
chloroplast membranes (Table 2). Over-all, palmitic acid was the most abundant fatty acid 
in lipid of both envelope membranes. However, the oleic acid/palmitic acid mainly localized 
in o.e.m,, i.e.m., respectively. Therefore, these two kinds of fatty acid were used to indicate 
tne lipid biosynthetic activities and capability of o.e.m. and i.e.m of soybean plants grown 
under the salt-stressed conditions without or with previously acclimation. The time courses 
of incorporation of [ C] acetate into oleic acid in o.e.m. (Figs. 1 and 2) or palmitic acid in 
i.e.m. (Figs. 3 and 4) all revealed that salt-stressed treatment to soybean plants could reduce 
the levels of fatty acid synthesis in chloroplasts. However, if the soybean plants had 
previously acclimated to salt-stress under Tw = -1.2 MPa four days. They'could recover the 
ability of fatty acid s synthesis to certain levels either in o.e.m. or i.e.m. while they were 
grown under the Tw = -1.6 MPa condition. The oleic and palmitic acid recovered their 
contents from 6 to 19%, and 4 to 16% of the control levels in o.e.m. after acclimation. The 
oleic and palmitic acid contents in i.e.m. recovered greatly from 1.8 to 45% and 4.6 to 17% 
of the control ones. These data also indicated that lipid biosynthesis in i.e.m. of chloroplast 
was more sensitive to salt-stressed treatment compared to o.e.m.. The raise of fatty' acids 
concentrations in lipid of o.e.m. or i.e.m. might enhance acclimated plants to relieve (at least 
partially) from wilting. Plants appeared wilting symptom at Tw = -1.2 MPa, but they could 
recover to normal growth condition while they were returned to TV = -0.8 MPa. However, 
they hardly recovered to normal growth appearances while they were submitted directly 
from TV- = -0.8 MPa to Tw = -1.6 MPa without previously treatment to salt-stress at TV = 
-1.2 MPa. On the contrary', their wilting symptoms could partially relieve if they' had grown 
under at TV = -1.2 MPa for four days before they w r ere submitted to TV = -1.6 MPa. These 
results suggested that the levels of plant tolerance to salt-stressed treatment might be 
regulated by the activity of lipid biosynthesis in i.e.m, of chloroplasts. 
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